Structural Design Methodology for Solar Concentrators Subjected to Wind Loads  by Ruelas, José et al.
 Energy Procedia  57 ( 2014 )  2872 – 2878 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of ISES.
doi: 10.1016/j.egypro.2014.10.321 
2013 ISES Solar World Congress  
Structural design methodology for solar concentrators 
subjected to wind loads 
 
José Ruelas*, Armando Cota, Fransisco Ochoa, 
Baldomero Lucero, Teresita Burgos, Juan Delfin, 
Adolfo Soto, Juan Tzab, Javier Lopez, José  Nañez 
 
Department of Mechanical Engineering, Instituto Tecnológico Superior de Cajeme, Cd. Obregón Sonora, Mexico  
 
Abstract 
This paper develops and applies a new methodology for the structural design of solar concentrators under wind loads 
using the method of Finite Element Analysis (FEA), in order to obtain information on the structural characteristics to 
guarantee that the concentrator operation works under high wind loads. 
 
This methodology is applied to design a Scheffler Type Solar Concentrator (STSC) coupled to a Stirling engine in the 
city of Mexicali, B.C and the numerical results of this analysis allow to establish the materials dimensions and 
structural characteristics of solar concentrator with reflector area of 12.4 m2, subjected to wind loads up to 180 km/h, 
showing minor structural deformations of 0.005 m and a maximum stress of 27 MPa. In relation to the suggested 
methodology, this was verified by the deformation measurement of the concentrator. Finally, the methodology can be 
extrapolated to other regions adjusting wind loads. 
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Introduction  
The software using finite element analysis (FEA) and computer-aided design (CAD) facilitates the design 
and structural analysis of prototypes. It has therefore been widely used in the structural design of various 
equipment, for example: in studies of structural furniture design [1], the design of knee prosthesis [2], in 
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the analysis of structure of a greenhouse [3]. In the field of renewable energies the FEA has been applied 
in the support structure of solar panels [4], the Structure optimized the module photovoltaic [5], the 
design of wind turbine [6].  In previous cases, the structures are optimized for main reason that reduction 
of costs, which is one of the main problematic of renewable energy [7]. However none of these cases is 
applied to a solar concentrator and taking into consideration that  application of FEA is a good design 
practice,  leaving clear the need to have a guide that let us how the design should be performed for a solar 
concentrator application of FEA. 
For this reason the present work has as main objective to provide a methodology referred structural 
design of solar concentrators subjected to extreme winds load, for a typical installation site according to 
standard norm [8]. This methodology is applied to the case study concerning a solar concentrator with a 
fixed absorber used for electricity generation of 2.75 kW whits a Stirling engine previously dimensioned 
in in the study of mathematical model submitted by Ruelas et al. [9]. This equipment was installed for 
validation in the Study Center of Renewable Energy, of the Engineering Institute of the Autonomous 
University of Baja California.  
1.1. The solar concentrator structure 
Usually in a solar concentrator comprises: a reflector which corresponds to a parabolic segment 
covered with a reflective surface, a tracking mechanism that consists of an electromechanical system that 
guides the hub around the sun, a Fixed and mobile support structure that provides stiffness and height to 
locate a receiver at the focal point which radiant energy transformed into heat. In these systems the 
reflector is the element that originates as many efforts because it has large area which is opposed to the 
wind, these forces are transferred to the respective supporting structure. Therefore the design sequence 
begins with the design of the reflector, then the mobile support receiving the stress from the reflector and 
finally the fixed support which supports the movable support and the receptor, the Fig. 1 (a) shows the 
final designs of the parts of concentrator [9] and the Fig. 1 (b) shows the final appearance of the 
concentrator. 
      
Fig. 1. (a) Design of structure the solar concentrator [6]; Fig. 1. (b) Construction of structure the solar concentrator 
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Structure analysis design methodology  
The methodology used for the structural design of the solar reflector by finite element analysis, consists 
primarily of performing a basic proposal in order to analyse the prototype at points where they are the 
largest effort concentration to reduce displacements caused by the deformation, by modifying the 
geometry of the CAD prototype until a design that meets the specification of the 0.05 mm minor 
displacement value which is set to prevent damage to the reflective film adhered to the surface of the 
reflector. For this purpose the next steps are suggested: 
 
Step 1: The estimated charges for winds is performed using equation 1 and taking as regional 
maximum wind speeds of 50 m / s for the city of Mexicali, in a period of less than 100 years [8] as well as 
considering a density air at sea level of 1.2 kg/m3 resulting in a pressure on the reflector surface of 1500 
Pa. 
 
           (1) 
Step 2: Define in CAD, for this case is a reflector that is made by a reflective surface, which in this 
design corresponds to a film adhered to a surface of the parabolic segment constructed with fiberglass, 
which is embedded in a metal structure which has the function to resist loads caused by wind while 
providing a mounting bracket which allows fixing the reflector to a tracking mechanism.  The geometries 
of the reflectors were developed in 3D CAD software, that allows modeling and export the geometries to 
FEA Software, which applies the methodology proposed in this article. All have common characteristics 
such as: 12.4 m2 parabola segments, depth of 0.25 m, support structure composed of PTR and plate. 
Properties of the materials that were used in the analysis are specified, which corresponds to the structural 
steel A36  and fiberglass of high density whose data are taken from the study [10]. Besides the following 
considerations concerning the behavior of the materials are applied to this analysis, the tension is directly 
proportional to the pressure, the temperature remains constant during the analysis, the properties remain 
constant over the volume of the part and the properties of materials are identical in all directions 
Step 3: In the model a load was applied corresponding to the pressure exerted by the wind on the 
surface of the reflector of 1500 Pa, application area and direction of loads  correspond to the wind 
direction, these maximum forces are obtained according to previous analysis. As movement restrictions 
were placed on the center support of the structural support, assigning zero degrees of freedom to the base 
in order to avoid unwanted rotations and shifts to apply the loads. 
 
Step 4: Make the meshing of each model, employing FEA software employing a solid tetrahedron 
element with 10 nodes with three degrees of freedom in movement, meshing presents a refinement in 
areas close to the discontinuities, allowing reliable approximation to the actual values of forces.  
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Methodology result 
Applying the methodology proposed in this article 18 different models were generated in the analysis, to 
simplify the application of this methodology 3 models are described, the changes in each model were 
originated to reinforce in sections where the biggest concentration of forces effort. This process was 
repeated until a model that met the specifications, which are present efforts of less than 27 MPa and less 
than 0.5 mm deformation as a security measure to prevent loosening of the reflective film and get a rigid 
structure. 
 
Fig. 2 (a) shows the initial model corresponding to a reflector surface constructed with a fiberglass with a 
thickness of 12 mm and the support is also constructed with fiberglass, this figure shows an effort 
concentration of annular manner, the maximum stress that occurs is 73.85 MPa in the center of the 
reflector and bracket banks, based on this concentration stress one can refer to the places where the next 
design must be structurally reinforced. Fig. 2 (b) shows the maximum deflection of 1.33 cm in the upper 
reflector, which is due to the stress concentration in the center of the reflector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a): Stress reflector initial proposal; Fig. 2. (b): Strain of reflector for initial proposal 
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Fig. 3 shows the previous model reinforced steel structural support and a reduction of the thickness of 
the fiberglass surface to 3 mm, in this model we can see a reduction in the maximum stress to a value of 
288 MPa stress concentration it causes deformation of 3.7 mm at the edge of the reflector, however like 
the previous case, does not meet the design specifications. In this model it has the highest concentration 
of efforts in the cradle, which is reinforced structurally by the following design. 
 
 
Fig. 3. (a): Stress of reflector modified; Fig. 3. (b): Strain of solar reflector modified. 
 
Finally, the design that meets the specifications initially raised was obtained, which presents maximum 
main stress of 26.4 Mpa, see Fig. 4 (a) and a strain on the principal of 2.54 mm reflector, see Fig. 4 (b), 
this design represents a decrease in weight of the structure to reduce the amount of structural material in 
the central part of the receiver. 
 
 
 
Fig. 4. (a): Stress of the final structure of reflector; Fig. 4. (b): Strain of the final structure of reflector 
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 Conclusions and Recommendations 
The results of the application of design methodology using FEA represent an approximation to the real 
models and lead to structural theoretical reflector designs with appropriate safety factors, however further 
research is recommended for the selection of items, materials, loads and appropriate boundary conditions 
near to reality in addition to experimental validation of structural elements used in the design, in order to 
calibrate the software to obtain designs with better approximation of a real model. 
The model obtained with this methodology has a minimum safety factor of 4.58, which provides design 
reliability, besides presenting much lower reflector stress level yielding the strength and deformation 
under the design set as a requirement for wind loads 180 km / h. 
The final design of the structure of the reflector in addition to looking to comply with design 
specifications, simultaneously seeks a design which combines the minimum proportions of structural 
materials, lighter weight and price. 
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